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(37) ABSTRACT

Photodiodes and methods of fabricating photodiodes are
provided. For example, a method of fabricating a photodiode
includes forming a buried layer of a first conductive type on
a semiconductor substrate and forming a first intrinsic
capping epitaxial layer on the buried layer. A first intrinsic
epitaxial layer of the first conductive type 1s formed on the
first intrinsic capping epitaxial layer. A first junction region
of the first conductive type 1s formed 1n the first intrinsic
epitaxial layer. A second intrinsic epitaxial layer of the
second conductive type 1s formed on the first junction region
and the first itrinsic epitaxial layer. A second intrinsic
capping epitaxial layer 1s formed on the second intrinsic
epitaxial layer. A second junction region of the first conduc-
tive type 1s formed such that the second junction region
passes through the second intrinsic capping epitaxial layer
and the second 1ntrinsic epitaxial layer. The second junction
region contacts the first junction region. A first electrode 1s
formed on a surface of the second junction region and a
second electrode 1s formed on a surface of the second
intrinsic capping epitaxial layer.
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PHOTODIODE AND METHOD OF
FABRICATING THE SAMEL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priornity to Korean Patent Appli-
cation No. 03-84960, filed on Nov. 27, 2003, 1n the Korean
Intellectual Property Ofhice, the disclosure of which 1s

incorporated herein 1n 1ts entirety by reference.

TECHNICAL FIELD

The present invention relates to a semiconductor device
and a method of fabricating the same, and more particularly,
to a photodiode converting optical signals into electrical
signals and a method of fabricating the photodiode.

BACKGROUND

Typically, a photodiode used for an optical element 1s an
optical sensor receiving an electrical signal (1.e., current or
voltage) from an optical signal by converting optical energy
into electrical energy. A photodiode can be a semiconductor
clement 1n which a junction unit of the photodiode has an
optical detection function. Such a photodiode utilizes the
principle that excessive electrons or holes are generated by
photon absorption, thereby modulating the conductivity of
the photodiode. That 1s, the electric current produced by a
photodiode varies according to the generation of carriers in
response to incident photons. Such a characteristic of a
photodiode provides a method of converting optical signals
into electrical signals. By converting optical signals into
clectrical signals, a photodiode can be used as a light-
receiving element of a photo pickup device. The photo

pickup device reads data or information from optical record-
ing devices such as a CD, a DVD, a DVD R/W, COMBO,

COMBI, or Blue ray. A photodiode integrated chip (PDIC)
formed by combining a photodiode with a circuit unit 1is
under development. In the PDIC, a signal may be processed
by a preamplifier.

Examples of photodiodes include a P-N junction photo-
diode, a PIN (P type electrode-intrinsic epitaxial layer-N+
type layer-P substrate) photodiode, an NIP (N type elec-
trode-intrinsic epitaxial layer-P+ type layer-P substrate) pho-
todiode, and an avalanche photodiode (APD) using an
avalanche multiplication effect. A P-N junction photodiode
has a low response speed and bad frequency characteristics.
An APD generates noise and consumes a large amount of
power. Therefore, PIN photodiodes and NIP photodiodes are
typically used.

The performance of a photodiode 1s evaluated by photo-
elliciency and frequency characteristics (1.e., bandwidth). A
photodiode can achieve high performance if the photodiode
has high photoelectric efliciency for wavelengths of detected
light and a suilicient response speed.

Conventionally, an intrinsic epitaxial layer of a PIN
photodiode or an NIP photodiode 1s formed to have a
particular resistivity and a thickness using a single thin film
growth method. When the doping density of the intrinsic
epitaxial layer (which may not be an intrinsic semiconduc-
tor) increases, the number of current carriers increases, thus
improving Irequency characteristics. When the doping den-
sity of the mtrinsic epitaxial layer increases, the probability
of electron-hole plasma (EHP) recombination also increases,
thus decreasing the photoefliciency of a photodiode. Thus,
there 1s a trade-ofl relationship between photoefliciency and
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frequency characteristics of a photodiode. The performance
ol a photodiode may be improved by optimizing the thick-
ness ol an intrinsic epitaxial layer and the density of impu-
rities.

When an intrinsic epitaxial layer 1s formed using a single
thin film growth method, impurities may be out-diflused
from a high density P type layer in upper or lower regions
of an mtrinsic epitaxial layer into an intrinsic epitaxial layer.
The impurities may be diffused from a high density N type
layer 1 upper or lower regions of an intrinsic epitaxial layer
into an intrinsic epitaxial layer. That 1s, a high-temperature
heat treatment (during an epitaxial layer fabrication, subse-
quent annealing, or baking) may be performed to form a
photodiode or an element including a photodiode. During
such a heat treatment, impurities such as a dopant diffuse
from the high density P type or N type layer to the intrinsic
epitaxial layer. The diffusion of impurities into the intrinsic
epitaxial layer decreases the performance of a photodiode.

Referring to FIG. 1, a sectional view of a conventional
NIP photodiode 1s shown. A high density P-type buried layer
2, a P type first intrinsic epitaxial layer 3, an N type second
intrinsic epitaxial layer 5, and an N+ type high density layer
8 for contacting with a cathode are formed on a P type
semiconductor substrate 1. A first P type junction region 4 1s
formed 1n the P type first intrinsic epitaxial layer 3. A second
P type junction region 6 1s formed i1n the N type second
intrinsic epitaxial layer 5. A P+ type layer 956 contacting with
an anode formed in the P type junction region 6 contacts a
metal distributing structure 11 of an anode electrode. A P+
type dividing layer 9a 1s formed on the N type intrinsic
epitaxial layer 5 to divide a light receiving unit of a
photodiode. The metal distributing structure 11, which 1s an
anode electrode, 1s insulated by an interlayer insulating layer
10 and an intermetal 1msulating layer 12. An element sepa-
rating layer 7 formed by Local Oxidation of Silicon (LO-
COS) electronically separates a photodiode from adjacent
clements. A silicon oxide (510,) layer 14 and a silicon
nitride (Si1N) layer 15 form an anti-reflective coating (ARC)
16 for blocking the reflection of light projected on the
light-receiving unit of the photodiode.

Growing the epitaxial layers 3 and 5 can be performed 1n
a high temperature of about 11000 to about 11500 to
fabricate the conventional NIP type photodiode shown 1n
FIG. 1. Forming a subsequent element can be performed 1n
a heat treatment such as annealing or baking. The heat
treatment out-diffuses impurities from the high density
P-type buried layer 2 1nto the P type first intrinsic epitaxial
layer 3. The heat treatment diffuses impurities from the high
density N+ type layer 8 mnto the N type second intrinsic
epitaxial layer 5. Such diflusion or out-diffusion decreases
the performance of the photodiode. That 1s, when impurities
are diflused to the intrinsic epitaxial layers 3 and 3 due to a
high-temperature heat treatment, the thicknesses of the
intrinsic epitaxial layers 3 and 3 are substantially reduced.,
and the capacitances of the intrinsic epitaxial layers 3 and 5
are mcreased. As a result, frequency may be reduced. The
diffusion of the impurities decreases a depletion layer, thus
also decreasing photoefliciency. A conventional PIN photo-
diode has similar problems with a conventional NIP photo-

diode.

SUMMARY OF THE INVENTION

Exemplary embodiments of the mvention include meth-
ods for fabricating photodiodes in which photoetliciency and
frequency characteristics may be improved by preventing
impurities from diffusing or out-diffusing from a high den-
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sity layer to an intrinsic epitaxial layer during a process of
forming an element or a subsequent heat-treating.

Exemplary embodiments further include photodiodes in
which diffusion or out-diflusion into an intrinsic epitaxial
layer 1s suppressed.

In one exemplary embodiment of the present invention, a
method of fabricating a photodiode comprises forming a
buried layer of a first conductive type 1n a semiconductor
substrate and forming a first intrinsic capping epitaxial layer
on the buried layer; forming a {irst intrinsic epitaxial layer of
the first conductive type on the first intrinsic capping epi-
taxial layer and forming a first junction region of the first
conductive type 1n the first intrinsic epitaxial layer; forming
a second 1ntrinsic epitaxial layer of a second conductive type
in the a first junction region and in the first intrinsic epitaxial
layer; forming a second intrinsic capping epitaxial layer on
the second intrinsic epitaxial layer; forming a second junc-
tion region of the first conductive type such that the second
junction region passes through the second intrinsic capping
epitaxial layer and the second intrinsic epitaxial layer, and
contacts the first junction region; and forming a first elec-
trode on a surface of the second junction region and forming,
a second electrode on a surface of the second intrinsic
capping epitaxial layer.

According to another exemplary embodiment of the
present invention, a method of fabricating a photodiode
comprises forming a first conductive type buried layer on a
semiconductor substrate and forming an inftrinsic capping
epitaxial layer on the buried layer; forming a first intrinsic
epitaxial layer of the first conductive type on the intrinsic
capping epitaxial layer and forming a first junction region of
the first conductive type 1n the first intrinsic epitaxial layer;
forming a second intrinsic epitaxial layer of a second
conductive type 1n the a first junction region and in the first
intrinsic epitaxial layer; forming a second intrinsic capping
epitaxial layer on the second intrinsic epitaxial layer; form-
ing a second junction region of the first conductive type such
that the second junction region passes through the second
intrinsic capping epitaxial layer and the second intrinsic
epitaxial layer, and contacts the first junction region; and
forming a first electrode on a surface of the second junction
region and forming a second electrode on a surface of the
second 1ntrinsic capping epitaxial layer.

According to yet another exemplary embodiment of the
present nvention, a method of fabricating a photodiode
comprises forming a first conductive type buried layer on a
semiconductor substrate and forming a first intrinsic epi-
taxial layer of the first conductive type on the buried layer;
forming a {irst junction region of the first conductive type 1n
the first intrinsic epitaxial layer; forming a second intrinsic
epitaxial layer of a second conductive type in the first
junction region and the first intrinsic epitaxial layer; forming,
an intrinsic capping epitaxial layer on the second intrinsic
epitaxial layer; forming a second junction region of the first
conductive type such that the second junction region passes
through the intrinsic capping epitaxial layer and the second
intrinsic epitaxial layer and contacts the first junction region;
and forming a first electrode on a surface of the second
junction region and forming a second electrode on a surface
of the mtrinsic capping epitaxial layer.

In one exemplary embodiment of the invention, forming
the first electrode on the upper surface of the second junction
region may include forming a high density doping layer of
the first conductive type 1n the second junction region and
forming a first electrode in contact with the high density
doping layer of the first conductive type. Further, forming
the second electrode on the upper surface of the intrinsic
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capping epitaxial layer may include forming a high density
doping layer of the second conductive type 1n the intrinsic
capping epitaxial layer and forming the second electrode 1n
contact with the high density doping layer. Another exem-
plary embodiment of the mmvention may further include
forming a high density doping layer of the first conductive
type separating a light recerving unit of the photodiode on
the second intrinsic epitaxial layer. Also, the method may
further include forming a reflective layer.

According to another exemplary embodiment of the
present invention, a photodiode comprises a semiconductor
substrate, a buried layer of a first conductive type on the
semiconductor substrate, a first intrinsic capping epitaxial
layer on the buried layer, a first intrinsic epitaxial layer of the
first conductive type formed on the first intrinsic capping
epitaxial layer, a second intrinsic epitaxial layer of a second
conductive type formed on the {first intrinsic capping epi-
taxial layer, a second 1ntrinsic capping epitaxial layer on the
second 1ntrinsic epitaxial layer, a first junction region of the
first conductive type formed 1n the first intrinsic epitaxial
layer, a second junction region of the first conductive type
passing through the second intrinsic capping epitaxial layer
and the second intrinsic epitaxial layer and contacting the
first junction region, a first electrode on a surface of the
second junction region, and a second electrode on a surface
of the second mtrinsic capping epitaxial layer.

According to another exemplary embodiment of the
present invention, a photodiode comprises a semiconductor
substrate, a buried layer of a first conductive type on the
semiconductor substrate, an intrinsic capping epitaxial layer
on the buried layer, a first intrinsic epitaxial layer of the first
conductive type on the intrinsic capping epitaxial layer, a
second intrinsic epitaxial layer of a second conductive type
on the first intrinsic epitaxial layer, a first junction region of
the first conductive type formed 1n the first intrinsic epitaxial
layer, a second junction region of the first conductive type
passing through the second intrinsic epitaxial layer and
contacting the first junction region, a first electrode on a
surface of the second junction region, and a second electrode
on a surface of the second intrinsic epitaxial layer.

According to another exemplary embodiment of the
present invention, a photodiode comprises a semiconductor
substrate, a buried layer of a first conductive type on the
semiconductor substrate, a first intrinsic epitaxial layer of
the first conductive type on the buried layer, a second
intrinsic epitaxial layer of a second conductive type on
buried layer, an intrinsic capping epitaxial layer on the
second 1ntrinsic epitaxial layer, a first junction region of the
first conductive type formed 1n the first intrinsic epitaxial
layer, a second junction region of the first conductive type
passing through the intrinsic capping epitaxial layer and the
second 1ntrinsic epitaxial layer and contacting the first
junction region, a first electrode on a surface of the second
junction region, and a second electrode on a surface of the
second 1ntrinsic capping epitaxial layer.

These and other exemplary embodiments, aspects, fea-
tures, and advantages of the present invention will become
more apparent by describing in detail exemplary embodi-
ments thereol with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view of a conventional NIP photo-
diode.

FIGS. 2 through 12 are sectional views illustrating a
method of fabricating a photodiode according to an exem-
plary embodiment of the present invention.
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FIGS. 13 and 14 are sectional views 1llustrating a method
of fabricating a photodiode according to another exemplary
embodiment of the present invention.

FIGS. 15 and 16 are sectional views 1llustrating a method
of fabricating a photodiode according to another exemplary
embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Exemplary embodiments of the present invention will
now be described more fully with reference to the accom-
panying drawings. The mvention may, however, be embod-
ied 1n many different forms and should not be construed as
being limited to the embodiments set forth herein; rather,
these embodiments are provided so that this disclosure will
be thorough and complete, and will fully convey the concept
of the invention to those skilled in the art. Like reference
numerals throughout the specification denote like elements.
In the drawings, schematic illustrations are depicted
wherein, the thickness of layers and regions are exaggerated
for clarity.

A method of fabricating an NIP photodiode according to
exemplary embodiments of the present mvention will be
described. Also, a splitting photodiode of common anode 1s
described. Those skilled 1n the art will know that the
exemplary embodiments of the present mmvention may be
applied to a PIN photodiode by switching first conductive
type elements with opposite conductive type elements.

FIGS. 2 through 12 are cross-sectional schematic views of
a semiconductor device, illustrating a method of fabricating
a photodiode according to an exemplary embodiment of the
present invention. Referring to FIG. 2, a P-type buried layer
(PBL) 102 1s formed on a P type semiconductor substrate
101. The PBL 102 has a higher density than the semicon-
ductor substrate 101 or epitaxial layers (103 or 103' of FIG.
3). For example, the PBL 102 may be formed by a heat
diffusion process after impurities such as Boron (B) are
injected with a high density of 1E19 ions/cm”.

Referring to FI1G. 3, a first intrinsic capping epitaxial layer
103' 1s formed on the PBL 102. A P type mtrinsic epitaxial
layer 103 1s formed on the first intrinsic capping epitaxial
layer 103'. The first intrinsic capping epitaxial layer 103
functions as a bufler layer preventing out-diffusion from the
high density PBL 102 to the P type intrinsic epitaxial layer
103. That 1s, during the process of forming the p type
intrinsic epitaxial layer 103 or a heat treatment, dopant
impurities out-diffuse to the first mtrinsic capping epitaxial
layer 103'. However, the dopant impurities are prevented
from out-diffusing to the P type intrinsic epitaxial layer 103
due to the first intrinsic capping epitaxial layer 103" disposed
between the high density PBL 102 and the P type intrinsic
epitaxial layer 103.

The thickness and the resistivity of the P type intrinsic
epitaxial layer 103 are factors for determining performance
of the photodiode. For example, the thickness of the P type
intrinsic epitaxial layer 103 may be about 87 to about 12
and the resistivity may be about 100 £2 to about 200
20O00. The out-diffusion of impurities into the P type
intrinsic epitaxial layer 103 should be eliminated because
the thickness and the resistivity of the P type intrinsic
epitaxial layer 103 may be changed by the impurities that
enter the P type intrinsic epitaxial layer 103. The {irst
intrinsic capping epitaxial layer 103' functions as a buller
layer preventing impurities from out-diflusing into the P
type intrinsic epitaxial layer 103. The first intrinsic capping,
epitaxial layer 103" may be grown without doping. Alterna-
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tively, the first intrinsic capping epitaxial layer 103' may be
grown with a doping density lower than that of the P type
intrinsic epitaxial layer 103. The first intrinsic capping
epitaxial layer 103' can be grown to a thickness 1n consid-
eration of the distance to which out-diffusing from the high
density PBL 102 occurs. The thickness can be determined so
that the dopant impurities in the PBL 102 can not out-diffuse
into the P type intrinsic epitaxial layer 103.

Referring to FIG. 4, a P type first junction region 104 1s
tformed 1n the P type intrinsic epitaxial layer 103. The P type
first junction region 104 forms an electric current path by
being connected to an anode electrode via a P type second
junction region 106 (see FIG. 6). The P type first junction
region 104 1s formed with a higher doping density than the
P type intrinsic epitaxial layer 103 to have suflicient con-
ductivity.

Referring to FIG. 5, an N type intrinsic epitaxial layer 105
1s formed on the surface of the P type intrinsic epitaxial layer
in which the P type first junction region 104 1s formed. The
N type intrinsic epitaxial layer 105 forms an intrinsic
epitaxial layer of the NIP photodiode with the P type
intrinsic epitaxial layer 103. Most of the light absorption 1s
performed by the intrinsic epitaxial layers 103 and 105.
Similar to the P type intrinsic epitaxial layer 103, the
thickness and the resistivity of the N type intrinsic epitaxial
layer 105 may determine the performance of the photodiode.
A second ntrinsic capping epitaxial layer 105' 1s grown on
the N type 1ntrinsic epitaxial layer 105. The second 1ntrinsic
capping epitaxial layer 105" may be grown without doping.
Alternatively, the second intrinsic capping epitaxial layer
105" may be grown with a lower N type doping density than
that of the N type intrinsic epitaxial layer 105. The second
intrinsic capping epitaxial layer 105" may be grown with a
thickness 1n consideration of the distance to which diflusion

of impurities from a high density N+ type doping layer 108
(see FIG. 7) occurs.

The second intrinsic capping epitaxial layer 105" func-
tions as a bufler layer preventing dopant impurities in the
high density N+ type doping layer 108 from diffusing to the
N type intrinsic epitaxial layer 105. The prevention of
diffusion of the dopant impurities may allow the N type
intrinsic epitaxial layer 105 to maintain the thickness and the
resistivity of the N type mtrinsic epitaxial layer 105 con-
stant. Thus, high performance of the photodiode can be
achieved. An 1solation layer 107 1s formed to separate the
photodiode from other layers. The 1solation layer 107 may
be formed by conventional LOCOS or shallow trench iso-
lation (STI).

Referring to FIG. 7, a high density N+ type doping layer
108 1s formed 1n the second intrinsic capping epitaxial layer
105'. The N+ type doping layer 108, which may decrease
contact resistance of a cathode electrode, can be formed with
a shallow junction. A high density P+ type doping layer 1095
1s formed 1n the P type second junction region 106 to
decrease contact resistance with an anode. A high density P+
type doping layer 109q dividing the N+ type doping layer
108 1s formed. The P+ type doping layer 109a divides a light
receiving unit of the photodiode.

FIGS. 8 through 10 illustrate methods for forming an
anode electrode and a cathode electrode on the P+ type
doping layer 1096 and the N+ type doping layer 108,
respectively, and forming a metal interconnecting structure
on each electrode.

More specifically, referring to FIG. 8, an interlayer insu-
lating layer 110 1s formed on the surface of the resultant
structure imncluding the N+ type doping layer 108 and the P+
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type doping layers 109a and 10956. A contact hole 110a 1s
formed 1n the interlayer insulating layer 110 to expose the P+
type doping layer 1095.

Referring to FIG. 9, an anode electrode 111, which 1s a
metal interconnecting structure in contact with the P+ type
doping layer 1095, 1s formed by patterning a metal layer.
The metal layer buries the contact holes 110a (shown 1n FIG.
8). Alternatively, a cathode electrode (not shown) may be
formed to be 1n contact with the N+ type doping layer 108
when an anode electrode 111 i1s formed. Referring to FIG.
10, an intermetal msulating layer 112 1s formed on the anode
clectrode 111. An upper metal distributing structure 113 1n
contact with the anode electrode 111 i1s formed on the
intermetal insulating layer 112.

FIGS. 11 and 12 illustrate forming an anti-reflective
coating (ARC) layer. More specifically, reterring to FIG. 11,
a photo-resist layer pattern 50 for forming a light receiving
unit 1s formed. The intermetal insulating layer 112 and
interlayer msulating layer 110 are selectively etched using
the photo-resist layer pattern 50 as an etching mask, thus
exposing the high density doping layers 108 and 1094 of the
light recerving unit. Referring to FIG. 12, the photo-resist
layer pattern 30 1s removed. An ARC 116 including a silicon
oxide (S10,) layer 114 and a silicon nitride (Si1N) layer 1135
1s formed on the resultant structure. The ARC 1s a factor
determining the performance of the photodiode. The ARC
may be formed to optimize the absorption of light with a
wavelength.

Referring to FIG. 12, the photodiode includes the high
density PBL 102, the first intrinsic capping epitaxial layer
103", the P type imtrinsic epitaxial layer 103, the N type
intrinsic epitaxial layer 105, and the second intrinsic capping
epitaxial layer 105'. The layers are disposed on the semi-
conductor substrate 101. The P type first junction region 104
and the P type second junction region 106 form an electric
current path. The anode electrode 111 1s formed on the upper
surface of the second junction region 106. The cathode
clectrode (not shown) 1s formed on the upper surface of the
second intrinsic capping epitaxial layer 105'. The P+ type
high density doping layer 1096 1s disposed between the
second junction region 106 and the anode electrode 111 to
decrease contact resistance of the anode electrode 111. The
N+ type high density doping layer 108 1s formed between
the second intrinsic capping layer 105" and the cathode
clectrode and reduces contact resistance of the cathode
clectrode. The P+ type high density doping layer 109a
divides the light receiving unit of the photodiode. On the
anode electrode 111, the upper metal interconnecting struc-
ture 113 may be formed. The ARC 116 may also be formed
on the anode electrode 111 to improve light absorption of the
light recelvmg unit.

Diffusion of mmpurities from the PBL 102 to the first
intrinsic epitaxial layer 103 may be prevented by the first
intrinsic capping epitaxial layer 103'. The first intrinsic
capping epitaxial layer 103' 1s disposed between the high
density PBL 102 and the low density P type intrinsic
epitaxial layer 103. The first intrinsic capping epitaxial layer
103" prevents the thickness and the resistivity of the first
intrinsic epitaxial layer 103 from changing during a subse-
quent heat treatment.

The diffusion of impurities from the N+ type doping layer
108 to the second intrinsic epitaxial layer 105 may be
prevented by the second intrinsic capping epitaxial layer
105'. The second intrinsic capping epitaxial layer 105' 1s
disposed between the high density N+ type doping layer 108
and the low density N type second intrinsic epitaxial layer
105. The second intrinsic capping layer 105" prevents the
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thickness and the resistivity of the second trinsic epitaxial
layer 105 from changing during a subsequent heat treatment.

FIGS. 13 and 14 are cross-sectional schematic views of a
semiconductor device, illustrating a method of fabricating a
photodiode according to another exemplary embodiment of
the present invention. This exemplary embodiment 1s similar
as above, except that an intrinsic capping epitaxial layer
(105" of FIG. 5) 1s omitted between an N type intrinsic

epitaxial layer 1035 and a high density N+ type doping layer
108.

Referring to FIG. 13, a PBL 102, an intrinsic capping
epitaxial layer 103", and a P type intrinsic epitaxial layer 103
are formed on a semiconductor substrate 101. A first P type
junction region 104 1s formed 1n a first intrinsic epitaxial
layer 103. An N type second 1ntrinsic epitaxial layer 105 1s
formed on the surface of the first intrinsic epitaxial layer 103
and the P type first junction region 104. An 1solation layer
107 1s formed to separate the photodiode from other layers.
The intrinsic capping epitaxial layer 103' may be grown
without doping. Alternatively, the intrinsic capping epitaxial
layer 103" may be grown with a P type doping density lower
than that of the first intrinsic epitaxial layer 103. A P+ type
doping layer 1095 for contacting an anode 111 and a P+ type
doping layer 109a for dividing a light receiving umt are
formed after an N+ type doping layer 108 1s formed. The
doping layer 108 i1s formed to contact a cathode. An 1nter-
layer msulating layer 110 1s formed. An anode electrode 111
in contact with the P+ type doping layer 1095 and a cathode
clectrode (not shown) in contact with the N+ type doping
layer 108 are formed.

Referring to FIG. 14, an intermetal insulating layer 112
and an upper metal interconnecting structure 113 are formed
before an ARC 116. The ARC 116 includes an oxide layer
114 and a nitride layer 115 formed as described with
reference to FIGS. 10 through 12.

Referring to FIG. 14, the out-diffusion of impurities from
the PBL 102 to the first intrinsic epitaxial layer 103 may be
blocked by the intrinsic capping epitaxial layer 103'. The
intrinsic capping epitaxial layer 103" 1s disposed between the
PBL 102 and the P type first intrinsic epitaxial layer 103 1n
the photodiode according to an exemplary embodiment of
the present invention. The intrinsic capping epitaxial layer
103" prevents the thickness and the resistivity of the P type
intrinsic epitaxial layer 103 from changing during a subse-
quent heat treatment.

FIGS. 15 and 16 are cross-sectional schematic views of a
semiconductor device, which illustrate a method of fabri-
cating a photodiode according to vet another exemplary
embodiment of the present mnvention. This exemplary
embodiment 1s similar as above, except that an intrinsic
capping epitaxial layer (103' of FIG. 3) 1s omitted between
a PBL 102 and a P type intrinsic epitaxial layer 103.

Retferring to FIG. 15, a PBL 102 and a P type 1ntrinsic
epitaxial layer 103 are formed on a semiconductor substrate
101. A P type first junction region 104 1s formed in the P type
first 1ntrinsic epitaxial layer 103. An N type intrinsic epi-
taxial layer 103 and a P type second junction region 106 are
formed on the surface of the P type first intrinsic epitaxial
layer 103 and the P type first junction region 104. An
intrinsic capping epitaxial layer 105' 1s formed on the N type
intrinsic epitaxial layer 105. After an 1solation layer 107 1s
formed, an N+ type doping layer 108 for contacting a
cathode 1s formed. A P+ type doping layer 1095 for con-
tacting an anode 111 and a P+ type doping layer 109a for
dividing the light receiving unit are formed. An interlayer
insulating layer 110 1s formed. An anode electrode 111 1n
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contact with the P+ type doping layer 1095 1s formed. A
cathode electrode 1n contact with the N+ type doping layer
108 1s formed.

Referring to FIG. 16, an intermetal msulating layer 112 1s
formed and an upper metal interconnecting structure 113 1s
formed. An ARC 116 including an oxide layer 114 and a
nitride layer 115 1s formed as described with reference to
FIGS. 10 through 12.

Referring to FIG. 16, the diffusion of impurities from the
N+ type doping layer 108 to the second intrinsic epitaxial
layer 105 may be blocked by the intrinsic capping epitaxial
layer 105'. The ntrinsic capping epitaxial layer 105" 1s
disposed between the N type intrinsic epitaxial layer 105 and
the N+ type doping layer 108 1n the photodiode according to
an exemplary embodiment of the present invention. The
intrinsic capping epitaxial layer 105" prevents the thickness
and the resistivity of the first intrinsic epitaxial layer 103
from changing during a subsequent heat treatment.

With photodiodes according to exemplary embodiments
of the present invention, the diffusion of impurities from a
buried layer to a first intrinsic epitaxial layer may be blocked
by a first intrinsic capping epitaxial layer. The first intrinsic
capping epitaxial layer 1s disposed between a high density
buried layer and the first intrinsic epitaxial layer. The first
intrinsic capping epitaxial layer prevents the thickness and
the resistivity of the first intrinsic epitaxial layer 103 from
changing during a subsequent heat treatment, thus prevent-
ing degradation of performance.

With photodiodes according to exemplary embodiments
of the present invention, the diffusion of impurities from a
high density doping layer to a second intrinsic epitaxial layer
may be blocked by a second intrinsic capping epitaxial layer.
The second intrinsic capping epitaxial layer 1s disposed
between a high density doping layer and the second intrinsic
epitaxial layer. The second intrinsic capping epitaxial layer
prevents the thickness and the resistivity of the second
intrinsic epitaxial layer from changing during a subsequent
heat treatment, thus preventing degradation of performance.

Although exemplary embodiments have been described
herein with reference to the accompanying drawings, it 1s to
be understood that the present invention 1s not limited to
those precise embodiments, and that various other changes
and modifications may be atlected therein by one of ordinary
skill 1n the related art without departing from the scope or
spirit of the mmvention. For example, although exemplary
embodiments of the present invention have been described
with reference to forming NIP photodiodes, exemplary
embodiments of the present invention include methods for
tabricating a PIN photodiode by changing conductive types
of each layer or region on a semiconductor substrate. All
such changes and modifications are mtended to be included
within the scope of the invention as defined by the appended
claims.

What 1s claimed 1s:

1. A method of fabricating a photodiode, comprising:

forming a buried layer of a first conductive type on a
semiconductor substrate and forming a first intrinsic
capping epitaxial layer on the buried layer;

forming a first intrinsic epitaxial layer of the first con-
ductive type on the first intrinsic capping epitaxial layer
and forming a first junction region of the first conduc-
tive type 1n the first intrinsic epitaxial layer;

forming a second intrinsic capping epitaxial layer on the
second 1ntrinsic epitaxial layer;

forming a second junction region of the first conductive
type such that the second junction region passes
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through the second intrinsic capping epitaxial layer and
the second intrinsic epitaxial layer, and contacts the
first junction region; and

forming a first electrode on a surface of the second

junction region and forming a second electrode on a
surface of the second intrinsic capping epitaxial layer.

2. The method of claim 1, wherein forming the first
clectrode 1n the second junction region comprises:

forming a high density doping layer of the first conductive

type 1n the second junction region; and

forming the first electrode 1n contact with the high density

doping layer of the first conductive type.

3. The method of claim 1, wherein forming the second
clectrode on the surface of the second intrinsic capping
epitaxial layer comprises:

forming a high density doping layer of a second conduc-

tive type 1n the second intrinsic capping epitaxial layer;
and

forming the second electrode 1n contact with the high

density doping layer of the second conductive type.

4. The method of claim 1, further comprising forming a
high density doping layer of the first conductive type divid-
ing a light recerving unit of the photodiode on the second
intrinsic epitaxial layer.

5. The method of claim 1, further comprising forming an
anti-reflective coating after forming the second electrode.

6. A method of fabricating a photodiode, comprising:

forming a burnied layer of a first conductive type on a

semiconductor substrate and forming an intrinsic cap-
ping epitaxial layer on the buried layer;

forming a first intrinsic epitaxial layer of the first con-

ductive type on the intrinsic capping epitaxial layer and
forming a {irst junction region of the first conductive
type 1n the first intrinsic epitaxial layer;

forming a second intrinsic epitaxial layer of a second

conductive type on the first junction region and the first
intrinsic epitaxial layer;

forming a second junction region of the first conductive

type such that the second junction region passes
through the second intrinsic epitaxial layer and contacts
the first junction region; and

forming a first electrode on a surface of the second

junction region and forming a second electrode on a
surface of the second intrinsic epitaxial layer.

7. The method of claim 6, wherein forming the first
clectrode 1n the second junction region comprises:

forming a high density doping layer of the first conductive

type 1n the second junction region; and

forming the first electrode 1n contact with the high density

doping layer of the first conductive type.

8. The method of claim 6, wherein forming the second
clectrode on the surface of the second intrinsic epitaxial
layer comprises:

forming a high density doping layer of the second con-

ductive type in the second intrinsic epitaxial layer; and
forming the second electrode 1in contact with the high
density doping laver.

9. The method of claim 6, further comprising forming a
high density doping layer of the first conductive type divid-
ing a light receiving unit of the photodiode on the second
intrinsic epitaxial layer.

10. The method of claim 6, further comprising forming an
anti-reflective coating after forming the second electrode.

11. A method of fabricating a photodiode, comprising:

forming a buried layer of a first conductive type on a

semiconductor substrate, forming a {first intrinsic epi-
taxial layer of the first conductive type on the buried
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layer, and forming a first junction region of the first
conductive type 1n the first intrinsic epitaxial layer;

forming a second intrinsic epitaxial layer of a second
conductive type on the first junction region and the first
intrinsic epitaxial layer;

forming an intrinsic capping epitaxial layer on the second
intrinsic epitaxial layer;

forming a second junction region of the first conductive
type such that the second junction region passes
through the intrinsic capping epitaxial layer and the
second 1ntrinsic epitaxial layer and contacts the first
junction region;

forming a first electrode on a surface of the second
junction region; and

forming a second electrode on a surface of the intrinsic
capping epitaxial layer.

12. The method of claim 11, wherein forming the second

clectrode on the surface of the mitrinsic capping epitaxial
layer comprises:

forming a high density doping layer of the second con-
ductive type 1n the intrinsic capping epitaxial layer; and
forming the second electrode 1n contact with the high
density doping layer.
13. The method of claim 11, wherein forming the first
clectrode 1n the second junction region comprises:

forming a high density doping layer of the first conductive
type 1n the second junction region; and

forming the first electrode 1n contact with the high density
doping layer of the first conductive type.

14. The method of claim 11, further comprising forming
a high density doping layer of the first conductive type
dividing a light receiving unit of the photodiode on the
second 1ntrinsic epitaxial layer.

15. The method of claim 11, further comprising forming
an anti-retlective coating after forming the second electrode.

16. A method of fabricating a photodiode, the method
comprising;
forming a P type buried layer, a first itrinsic capping
epitaxial layer, and a P type first intrinsic epitaxial layer
on a P type semiconductor substrate;

forming a first P type junction region 1n the {irst intrinsic
epitaxial layer;
forming an N type second intrinsic epitaxial layer on the

first P type junction region and the first intrinsic epi-
taxial layer;

forming a second intrinsic capping epitaxial layer on the
second 1ntrinsic epitaxial layer:;

forming a second P type junction region such that the
second P type junction region passes through the sec-
ond intrinsic capping epitaxial layer and the second
intrinsic epitaxial layer and contacts the first junction
region;

forming an N+ type first high density doping layer in the
second 1ntrinsic capping epitaxial layer;

forming a second P+ type high density doping layer in the
first junction region and forming a third P+ type high
density doping layer dividing the N+ type high density
doping layer;

forming an anode 1n contact with the second P+ type high
density doping layer; and

forming a cathode 1n contact with the third P+ type high
density doping layer.

17. The method of claim 16, further comprising forming

an anti-reflective coating after forming the cathode.
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18. A photodiode, comprising:

a semiconductor substrate;

a buried layer of a first conductive type on the semicon-
ductor substrate;

a first intrinsic capping epitaxial layer on the buried layer;

a first intrinsic epitaxial layer of the first conductive type
on the first intrinsic capping epitaxial layer;

a second 1ntrinsic epitaxial layer of a second conductive
type formed on the first intrinsic capping epitaxial
layer;

a second intrinsic capping epitaxial layer on the second
intrinsic epitaxial layer;

a first junction region of the first conductive type formed
in the first intrinsic epitaxial layer;

a second junction region ol the first conductive type
passing through the second intrinsic capping epitaxial
layer and the second intrinsic epitaxial layer and con-
tacting the first junction region;

a first electrode on a surface of the second junction region;
and

a second electrode on a surface of the second intrinsic
capping epitaxial layer.

19. The photodiode of claim 18 turther comprising a high
density doping layer of the second conductive type disposed
between the second intrinsic capping epitaxial layer and the
second electrode.

20. The photodiode of claim 18, further comprising a high
density doping layer of the first conductive type formed 1n
the second junction region and contacting the first electrode.

21. The photodiode of claim 18, further comprising a high
density doping layer of the first conductive type formed 1n
the second intrinsic epitaxial layer and dividing a light
receiving unit of the photodiode.

22. The photodiode of claim 18, further comprising an
anti-reflective coating preventing light reflection in a light
receiving unit.

23. A photodiode, comprising;

a semiconductor substrate;

a buried layer of a first conductive type on the semicon-

ductor substrate;

an intrinsic capping epitaxial layer on the buried layer;

a first intrinsic epitaxial layer of the first conductive type
on the itrinsic capping epitaxial layer;

a second 1ntrinsic epitaxial layer of a second conductive
type on the first intrinsic capping epitaxial layer;

a first junction region of the first conductive type formed
in the first intrinsic epitaxial layer;

a second junction region of the first conductive type
passing through the second intrinsic epitaxial layer and
contacting the first junction region;

a first electrode on a surface of the second junction region;
and

a second electrode on a surface of the second intrinsic
epitaxial layer.

24. The photodiode of claim 23, further comprising a high

density doping layer of the second conductive type disposed

between the second intrinsic epitaxial layer and the second
electrode.

25. The photodiode of claim 23, further comprising a high
density doping layer of the first conductive type formed 1n
the second junction region and contacting the first electrode.

26. The photodiode of claim 23, further comprising a high
density doping layer of the first conductive type formed 1n
the second intrinsic epitaxial layer and dividing a light
receiving unit of the photodiode.
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27. The photodiode of claim 23, turther comprising an
anti-reflective coating preventing light reflection in a light
receiving unit.

28. A photodiode, comprising:

a semiconductor substrate;

a buried layer of a first conductive type on the semicon-

ductor substrate;

a first intrinsic epitaxial layer of the first conductive type

on the buried layer;

a second 1ntrinsic epitaxial layer of a second conductive

type on the buried layer;

an 1ntrinsic capping epitaxial layer on the second intrinsic

epitaxial layer;

a first junction region of a first conductive type formed in

the first mtrinsic epitaxial layer;

a second junction region of the first conductive type
passing through the intrinsic capping epitaxial layer
and the second intrinsic epitaxial layer and contacting
the first junction region;
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a first electrode on a surtace of the second junction region;

and

a second electrode on a surface of the second intrinsic

epitaxial layer.

29. The photodiode of claim 28, further comprising a high
density doping layer of the second conductive type disposed
between the 1ntrinsic capping epitaxial layer and the second
clectrode.

30. The photodiode of claim 28, further comprising a high
density doping layer of the first conductive type formed 1n
the second junction region and contacting the first electrode.

31. The photodiode of claim 28, further comprising a high
density doping layer of the first conductive type formed 1n
the second intrinsic epitaxial layer and dividing a light
receiving unit of the photodiode.

32. The photodiode of claim 28, further comprising an
anti-reflective coating preventing light reflection in a light
receiving unit.
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